In this paper, an 8kJ-pulsed seismic source with a closed cavity transducer is designed and the discharge experiment is carried out in which the selected variables are electrode materials, voltage and electrode spacing. We focus on the resistance of the plasma channel and the discharge power. By comparison, the effective power of the output of electrodes in non-metallic materials is larger than that of metallic materials. With the decrease of the voltage, the longer the duration of low resistance is. With the increase of the voltage, the electric energy conversion rate of the discharge plasma is also increased. This study provides the necessary reference for the improvement of the pulsed seismic source.
of its frequency is between 10 and 200 Hz [2] [3] .On the basis of the sound source of the plasma, it is applied to the VSP log and land exploration, and further it can be improved as the electric spark source for land prospecting. In 1966, the American J.W. Miller got a patent on the land electric spark source [4~5] . In the 1960s, the Institute of Electrical Engineering, Chinese Academy of Sciences was in cooperation with the Ministry of oil on development work of marine sparker; In the 1990s, the application of electric spark source was studied in the aspects of vertical seismic profile, inter well seismic, vibration and engineering exploration. In 2005, the first oceanography institute of Chinese oceanic administration conducted the research of high resolution, multi-channel shallow seismic detection system, and achieved good application effect. Netherlands Geographic Resources Company developed 16kJ multi-electrode plasma source, which can be used to study deep-sea shallow strata.
SYSTEM DESIGN
The principle of pulsed seismic source is mainly based on the electric and mechanical effect of large current discharge. The discharge electrode needs to be put into a liquid medium. For sparker used in dry areas, few studies have been reported. The pulsed seismic source described in this article can be applied to dry mountainous environment, in order to provide the necessary technical support for the metal ore seismic exploration.
The pulsed seismic source main circuit is shown in Figure 1 , and it consists of the charging unit and discharge unit. The charging unit is mainly composed of regulating device, a rectifier circuit, charging resistors, isolation silicon stack, etc. Its main function is to produce continuously adjustable DC power supply, and further to charge the storage capacitor. Discharge unit is mainly composed of the energy storage capacitor, discharge resistors, discharge constitute switch, resistor divider voltage measurement circuit, thyristor and its buffer circuit, discharge cables, discharge electrodes. Its main function is to release the charge stored in the capacitor by controlling the opening of the thyristor. The main working principle of the land spark source is: 220V alternating current source is changed into a direct current source (0~6kV) through voltage regulator, rectifier circuit, charging resistor and isolated silicon reactor, then charge the energy storage capacitor C. When the gate electrode of the thyristor received the effective trigger pulse, the thyristor is triggered into the conduction state. Charges in the energy storage capacitor are discharged in the closed cavity transducer through the thyristor, the discharge cable, discharge electrodes, and then a shock wave is generated by coupling with the ground. The load is discharge cable and the discharge transducer. This circuit is simple in structure, easy in maintenance; it has certain advantage in the dry mountain, because the closed cavity transducer is easy to carry and filled-water inside.
The specific parameters of the land spark source are: long time stable operation in the output voltage of 6 kV; burst mode operation of the maximum voltage of 7kV; the adjusted continuously output voltage; the peak discharge current of 12kA;1-9999μs adjusted delay time; delay input mode by setting up a code switch; 1μs pulse delay jitter; pulse width of 100-500μs; seismic wave frequency range of 10~300 Hz. 
DISCHARGE EXPERIMENT
Recording instrument uses TPS 2024B Tektronix oscilloscope, and its bandwidth is 200 MHz and the sampling rate is 2GS/s. Measurement of discharge voltage uses P6015A Tek (bandwidth 75 MHz, partial pressure ratio 1000:1) voltage probe. Measuring thyristor branch current uses coaxial shunt. Measuring transducer discharge current uses Pearson 6600 coil whose ratio is 0.001 V/A. By experiment, on the condition of the same discharge voltage, it found electrode spacing, the measured current waveform and the discharge resistor synthesis waveform are not changed significantly. When the outer tube used different electrode materials, the discharged state did not change. At the same time, the obtained discharge current using the metal material electrode is slightly larger than using the non-metallic material electrode.
As can be seen from Figure 2 , duration of low resistance of the plasma channel in 2230V discharge is greater than that of 5000V. At the early stage of discharge, the resistance of the plasma channel is about 5Ω. By conversion, under the condition of 2000V discharge, the discharge energy is about 371.5J, and the discharge efficiency is about 93.3%; under the condition of 4800V discharge, the discharge energy is about 1862.2J, and the discharge efficiency is about 93.1%. From the above images and other experimental data, it is concluded that with the increase of the voltage, the electric energy conversion rate of the discharge plasma is slightly decreased.
In the experiment, electrode gap distance is set 3.5-10.5cm. Figure 3 is typical discharge voltage-current. Figure 4 is resistance waveform under the condition of 4kV. It can be seen from the above waveforms and other experimental data, in each round of the experiment, under the condition of the same gap distance and discharge voltage, the discharge current waveform is basically the same. When the electrode gap distance is changed, the discharge current changes. When the gap distance of the discharge electrode is greater than 6cm, the current change is small; when the gap distance is less than 6cm, the discharge current increases significantly with the decrease of the electrode distance; when the gap distance is no more than 6cm, the probability of arc discharge is the largest.
CONCLUSIONS
In this paper, a set land spark source system is designed, which can withstand the discharge current of 12kA and can operate stably in the 6kV state. Its pulse width is 100-500μs. The working principle of land spark source system is introduced, and the experimental platform is set up. Discharge experiment shows: different electrode material has little effect on the shape of discharge current, and the discharge current of the metal electrode material is slightly greater than that of the insulating material. When using different insulation material, the discharge current is not very different. Under different voltage conditions, the variation trend of the resistance and power of the discharge plasma channel is the same. But with the increase of the voltage, the electric energy conversion rate of the discharge plasma increases too; when the discharge current is below 6cm, the discharge current increases with the decrease of the electrode spacing.
